Leaves of four varieties of vegetable were subjected to two processing methods which are sun drying and blanching. This study aims at assessing the effect of some post harvest treatments on the nutrient, anti-nutrient and anti-oxidant potentials of the leafy vegetables. In this study fresh leaves of Vernonia amygdalina, Basella alba, Telferia accidentalis and Talinium Triangulare were subjected to the processing methods mentioned earlier, the vegetables were blanched at 60 o C. The proximate, bio-active composition (Tannin, Phytate, Vitamin C, and Beta carotene) were subsequently determined. The result of the study shows the various parameters of the vegetable samples. However, the various conventional food processing techniques caused a significant decrease (P<0.05) in the Vitamin C and Total Beta Carotene content while it caused little significant increase (P>0.01) in the tannin and phytate content. The processing methods brought about inconsistence change in the proximate result, some samples increase while some decreased. In conclusion, all these vegetables samples have very high nutrient, anti-nutrient and antioxidant potential; however the various conventional post-harvest treatment caused a significant decrease (P<0.05) in the nutrient and bio-active content, and at the same time caused a significant decrease in the anti-nutrient and antioxidant potential.
INTRODUCTION
Vegetable means the edible part of plants, generally speaking, a plant part of which is regularly eaten as unsweetened or salted food to human is considered to be a vegetable (Finberg 1973) .
The green colour of leafy vegetables is due to the presence of the green pigment "chlorophyll". Chlorophyll is affected by pH and changes to olive green in acidic condition, and bright green in alkaline condition. Some of the acids are released in steam during cooking, particularly of cooked without a cover (Fayemi 1999) .
Fresh vegetables are important foods both from an economic and nutritional point of view and vegetable of all types are valuable part of our diet. They play an important part in maintaining general good health owing to the presence of mineral element and vitamin., no food stored in the leaves; it is only produced there, therefore little protein or carbohydrate is found in green vegetables.
The greener the leaf the larger the quantity of vitamins and minerals present. All these substances help to build teeth, protect the body from disease and regulate the body process on which vitality and good health depend (FAO 2005; Anon et al 2005) .
Vegetables are low in calories and packed with vitamins, minerals, antioxidants and phytochemicals.
There is little information on the effect of processing on the nutrient and anti-nutrient content of these vegetables.
MATERIAL
Vegetables used: Bitter leaf (Vernonia amygdalina), Fluted Pumpkin (Telfeira accidentalis), Water leaf (Talinum triangulae), and Indian Spinach (Basella alba) were used.
Bitter leaf and Indian Spinach were plucked in a vegetable garden in Ibadan while Fluted Pumpkin and Water leaf were obtained from Ijebu-Ode market Ogun-State, Nigeria.
The vegetable were collected fresh, blanching and sun-drying started within 40-60 minutes after buying and plucking.
Processing Techniques: Vegetable were subjected to some conventional food processing techniques as reported by (Yaciuk and Sofose 1981) . A portion of (500g) of each of the samples were soaked in hot water of 60 o C for 5 minutes, drained and sun-dried, while another portion were collected fresh and sundried and the remaining served as fresh samples. The sun-drying of the vegetables varies because of the differences in there moisture content. Fluted pumpkin and bitter leaves were dried within 3-4 days while it took Indian Spinach and Water leaf 8-12 days to get fully dried. The dried vegetables were collected and milled to 0.5mm sieve size for analysis.
Chemical determination:
The moisture content was determined according to the method of AOAC (2004) . The Samples were dried at 105 o C for 3 h using the preset oven (Fisher Scientific Isotemp Oven, model 655F, Chicago, USA). The method described by AOAC (2004) was employed for ash content determination. The crucible containing the preweighed samples were placed in a heated furnace (Fisher Isotemp Muffle Furnace, model 186A, USA) at 600 o C for 6 h after which they were cooled to room temperature in desiccators and weighed. The protein content (% nitrogen x 6.25) and fat content were (1g was extracted for ether extract determination using diethyl ether (64 o C as solvent) determined according to the method of AOAC (2004).
Determination of Tannin:
Tannin content was determined by the Colorimetric method described by Kirk and Sawyer (1998) . 5g sample was dispersed in 50mls of distilled water and shaken. The mixture was allowed to stand for 30min at 28 o C before it as filtered through Whatman No 42 grade of filter paper, 2mls of the extract was dispersed into a 50ml volumetric flask. Similarly 2ml standard tannin solution (tannin acid) and 2ml of distilled water were put in separate volumetric flasks to serve as standard and reagent was added to each of the flasks and the 2.5ml of saturated Na 2 CO 3 solution added. The content of each flask was made up to 50mls with distilled water and allowed to incubate at 28 o C for 90min. Their respective absorbance was measured in a Spectrophotometer at 260nm using the reagent blank to calibrate the instruction at zero.
Determination of Total Phytic acid:
Phytate was determined by a combination of two methods. The extraction and precipitation of phytic acid was done according to the method of Wheeler and Ferrel 1971 . Iron in the precipitate was then measured according to the method of Makower 1970 . A 4 to 6 Fe/P atomic ratio was used to calculate the phytic acid content.
Determination of Ascorbic acid content:
The amount of vitamin C in samples was determined by Spectrophotometer using a modified method of Akindahunsi and Oboh 1999 . About 5-10g of the weighed sample was soaked for 10-15min in 25-40ml 5% Metaphosphoric acid in the presence of about 2g of activated Charcoal. The mixture was centrifuged and supernatant used for the test. Standard solutions of ascorbic acid were prepared by dissolving 40-100mg of ascorbic acid in 100ml of 2% (w/v) Metaphosphoric acid. A solution of dichloroindophenol (DCIP) in distilled water was prepared and 1.0ml of this reagent was mixed with 1.0ml of ascorbic acid. The reaction mixture was measured spectrophotometrically at 265nm against a blank containing the Metaphosphoric acid. The results were used for the Calibration curve samples were replaced with the standard ascorbic acid solution and corresponding vitamin C content extrapolated from the curve.
Determination of Total Carotenes in Vegetables: 0.2 -0.3g of chopped and homogenous samples were extracted with cold Acetone which was later partitioned with petroleum ether. The ether phase was passed through Neutral Alumina (activity III) packed column. The column was eluted with petroleum ether and the first band was collected into 25ml volumetric flask.
The extract was read at 450mm and total carotenoid content calculated are as follows;
A 1% x 1cm x sample weight (g).
Where A = Absorbance, A 1 % = absorption coefficient of -carotene in PE (2592) (Rodriguez-Amaya and Kimura 2004).
Statistical Analysis:
The data obtained were subjected to Analysis of Variance (ANOVA) using SAS statistical package. Means were separated using Duncan's Multiple Range Test (DMRT). The least significance difference (LSD) was carried out using Zar 1884. Significance was accepted at P < 0.05.
RESULTS AND DISCUSSION
The moisture content of the fresh samples ranged from 60.7% to 64.5% and dry matter content ranged from 35.5% to 39.3% as presented in Table 1 .
The proximate composition of the processed vegetables is shown in Table 2 .
The protein content in the fresh vegetables ranged from 20.3% in T. triangulare to 35.7% in T. accidentalis, while in sun-dried sample the content ranged from 23.4% in V. amygdalina to 31.1% in T. accidentalis. In the Blanched and sun-dried samples, the protein content ranged from 19.5% in T. triangulare to 23.4% in T. accidentalis, with a coefficient value of 1.1% in all.
The fat content in fresh samples ranged from 2.3% in T. triangulare to 4.8% in B. alba, while in the sundried samples the fat content ranged from 2.8% in T. accidentalis to 4.7% in T. triangulare and in Blanched samples ranged from 2.7% in V. amygdalina to 6.7% in T. triangulare with a coefficient value of 3.7% in all.
The ash content in fresh samples ranged from 9.4% in T. accidentalis to 24.6% in T. triangulare while in sun-dried samples the ash content ranged from 10.8% in T. accidentalis to 25.0% in T. triangulare. In the blanched samples the content ranged from 8.3% in B. alba to 20.9% in T. triangulare with an overall coefficient value of 20.6%.
The tannin content in fresh vegetable used ranged from 1.8mg/g in T. triangulare to 4.2mg/g in T. accidentalis, while in sun-dried samples the content ranged from 1.8mg/g in B. alba to 3.4mg/g in V. amygdalina. In the blanched samples the tannin content ranged from 1.3 mg/g in B. alba to 3.4 mg/g in T. accidentalis with a coefficient value of 3.0 % The phytate content in Fresh samples ranged from 0.5 mg/g in both T. accidentalis and T. triangulare to 0.8 mg/g in B. alba, while in sun-dried samples the phytate content ranged from 0.6 mg/g in B. alba to 0.8 mg/g in both T. accidentalis and V. amygdalina. In the blanched samples the content ranged from 0.6 mg/g in B. alba to 1.0 mg/g in both T. accidentalis and T. triangulare. The overall coefficient value is 5.5 % Vegetables plays an important role in human diet, they are important source of both digestible and indigestible carbohydrate. They are also good sources of Vitamin C, Beta carotene and other nutrients and are responsible for more subtle feelings of daily well-being and for protection from long-term degenerative disease (Achinewhu 1983; Oboh 2005) .
The result of the fresh composition of vegetable used under this experiment shows both the Fresh moisture content (FMC) and fresh Dry matter (FDM) in Table  1 .
FMC is the moisture content of the vegetable samples at its fresh state and as indicated in .
Sun drying brought about an increase (P<0.05) in the protein content of T. triangulare 24.5% and B. alba 26.4%; these two vegetables samples have common history of high water content. The higher protein content in them could be as a result of more and active nitrogen fixing bacteria giving rise to high nitrogen content, which could result in high amount of Protein (Oboh 2005 ).
In addition the various conventional food processing techniques brought about a significance increase (P<0.05) in the fat content. The fat content in the vegetable at its fresh form ranged from 2.3% in T. Triangulare to 4.8% in B. alba while T. accidentalis and V. amygdalina both has 3.0% of fat content; the fat content of these vegetable samples are quite high when compared to that of Cnidoscolus acontifolus 1.6%, Solanium macrocarpon . Solanum lycospersicum (0.6%), Solanium melaneama (0.4%) and Solanium anthiopum(0.3%) (Leung 1968 ).
The change in decrease and increase of the fat content of those subjected in sun drying were not consistent and it ranged from 2.8% to 4.7%; however there was a significant increase (P<0.05) in the fat content of the vegetable samples subjected to blanching and sun drying and it was between the range of 2.7% to 6.7% indicating V. amygdalina has having the lowest fat content after blanching and sun drying.
The Dry Moisture Content (DMC) of the vegetable in its fresh state ranged from 6.5% -7.8%; the DMC of sun dried samples ranged from 6.5% -10.9% and the blanched and sun dried samples ranged from 9.2% -9.8%. The processed vegetables have the highest dry moisture content, but the changes were not consistent.
There is a little significant increase (P<0.01) in the ash content of processed vegetables, especially all those that are subjected to sun drying ranging from 10.8% in T. accidentalis to 25.0% in T. triangulare. The blanched and sun dried vegetable samples has no significant change except B. alba which is 8.3% and this has a significant decrease (P>0.05) compared to others.
The decrease in the ash content of processed vegetables could be as a result of processing during which some of the inorganic salt in the vegetables might have leached off (Yaciuk and Sofose 1981) . While the increase in the ash content could be as a result that some inorganic salt have been trapped in the vegetable during processing .
Bio-active compound (Tannin, Phytate, Vitamin C and Beta carotene) of vegetables used under this experiment are presented in Table 3 .
Phytic acid though considered as an anti -nutritional factor in a common storage of phosphorus in seeds and in few tubers and fruits. The complexities of phytic acid with nutritionally essentials minerals are suggested to be responsible for the anti -nutritional activity . As shown in table 3, the phytate content of the unprocessed leaves ranged from 0.5 mg/g -0.8mg/g, indicating B. alba as the fresh sample that has the highest level of Phytate under this experiment but all these result were low when compared to the phytate content of Cnidoscolus antifolus in its fresh state which was 479.5mg/100g and it was the same with that of Solanium macrocarpon leaf but T. triangulare leaf was recorded to be exceptionally high in phytate content with 2341.1mg/100g (Akindahunsi and Oboh 1999 ).
These result were clearly different from those recorded under this experiment especially with the same kind of vegetable (T. trangulare) which was recorded under this experiment to have 0.5mg/g in its fresh state 0.7mg/g in sun dried samples and 1.0 mg/g in blanched samples.
The difference in the phytate content of the samples could be as a result of soil composition used in growing the vegetables; that is if the vegetable are grow on a soil that is very rich in plant nutrients.
There is little significant increase (P<0.01) in the processed vegetable content of sun dried and blanched vegetables, the sun dried samples ranged from 0.6 -0.8mg/g while the blanched samples ranged from 0.6 -1.0mg/g.
All these values do not agree with the earlier report of Oboh et al 2005 , that processing brings out decrease in phytate content of plant foods. Because of all the processing techniques employed in this experiment, blanching and sun-drying cause an increase in the phytate content of the vegetables.
Vegetables in conjunction with fruits and nuts is known to contribute about 91% of vitamin C, ascorbic acid contributes to the antioxidant properties of vegetables by protecting the membrane erythrocyte, maintaining the blood vessels flexibility and improving blood circulation in the arteries of smokers as well as facilitating the absorption of iron in the body. As shown in Table 5 , the vitamin C content of the fresh vegetables ranged from 49.3 mg/100g -104.1 mg/100g, while the sun-dried samples ranged from 48.0 -61-1 mg/100g and the blanched samples ranged from 31.2 -67.8mg/100g. These results indicates that there is a significant decreases (P>0.05) in the processed vegetable samples.
The values of some the fresh vegetable used under this experiment are higher than the vitamin C content of fresh Corchorus olitorus (43.5%), Solanium macrocarpon (43.5%) while Cnidoscolus acontifolus (52.6%) falls in between.
The various conventional food processing techniques caused a highly significant decrease (P<0.05) in the vitamin C content of all the vegetables, the loss in vitamin C during processing agrees with the earlier report by (Achinewhu 1983 , Oboh 2005 , Akindahunsi and Oboh 2005 ) that various conventional food processing methods would bring a loss in vitamin C content. This loss in vitamin c during processing could be attributed to the fact that vitamin C is soluble in water and at the same time not stable in high temperature (Nagy and Smooth 1977) . All the processing techniques employed in this research were carried out in water and with high temperature.
Tannin have antioxidants capacities that are much stronger than those of vitamin C and E. Flavonols and flavonones are flavonoids of particular importance because they have been found to possess antioxidant and free radical scavenging activity in vegetable (Amic et al 2003) . The tannin content in the vegetables as shown in Table 5 ; the content in fresh vegetables ranged from 1.8 mg/g -4.2 mg/g, while the sun-dried samples ranged from 1.8 mg/g -3.4 mg/g and blanched samples ranged from 1.3 mg/g -3.4 mg/g. V. amygdalina was able to retain the same amount of tannin content with its fresh from after it was sun-dried (3.4%) which indicates it to be the vegetable samples that retained the highest content of tannin after been sun-dried, While B. alba retain the lowest amount of tannin (1.8%) after sun-drying.
T. accidenalis that was blanched retained the highest amount of tannin content (3.4 mg/g), while blanched B. alba retained the lowest amount of tannin (1.3 mg/g).
The processing methods does not have much significant difference in the decrease of tannin content because it was not consistence, though some vegetable samples retained tannin to about the same extent but these samples were with different processing methods like (Sun drying) V. amygdalina 3.4 mg/g and (Blanching) T. accidentalis 3.4 mg/g) and (Sundrying) B. alba 1.8 mg/g and (Blanching) T. triangulare 1.9 mg/g). The content of these samples are higher than those reported by Oboh 2005 of some commonly consumed green leafy vegetables Nigeria namely Amaranthus cruentus, Ocimum gratissimum, Solanium macrocarpon and Corchous olitorus which is 0.3% and Struchium sparganophora had 0.1%.
The basis of the increase in sun-dried T. triangulare could not be categorically ascertained. However it has been reported that cooking or wet heating could increase the tannin content, likewise blanching (Oboh et al 2003 .
Beta carotene is a member of the carotenoids which are highly pigmented and it is known as a precursor of vitamin A, which implies that it is an essential part of the production process. They are powerful antioxidant protecting the cells of the body from damage caused by free radicals; carotene enhances the function of immune system and has the ability to stimulate cell to cell communication (Olson et al 2001) .
The Beta carotene results as shown in Table 5 indicates the fresh samples as having the highest content of Beta carotene in them and this ranged from 240. All these results shows that the methods of processing used has both positive and negative effect on the nutritional composition on the vegetables samples especially with the vitamin C and Beta carotene but it was affected mostly by blanching method.
Though there were some increase in the protein and fat content of the vegetable samples after been processed, the other changes in the nutritional composition were not consistence.
Conclusion
The leaves of all the vegetables used have a very high nutrient, antioxidant and antinutrient potential; however this study has shown that post-harvest treatment in form of blanching and sun-drying has a significant decrease (P>0.05) on the bio-active compounds of vegetable especially in Beta carotene, Vitamin C and Tannin.
These processing methods indicates little significant decreases (P>0.01) and little significant increase (P<0.01) in the vegetable samples while some change in these samples were not consistence on the proximate compounds such as protein, ash, fat and dry moisture content. The result varied with the type of processing employed.
